By using 181 Listeria spp. strains except for L. ivanovii, we evaluated the three distinct PCR methods targeting the iap genes encoding p60 proteins for genus or species identification, and the PCR-RFLP analysis for genotyping.
Introduction
The genus Listeria contains six characterized species, L. monocytogenes, L. innocua, L. ivanovii, L. seeligeri, L. welshimeri, and L. grayi, which are widespread in nature8). Among these species, only L. monocytogenes is known to be a human pathogen, which can cause severe invasive diseases (septicemia, meningitis, and meningoencephalitis), especially in pregnant women, neonates, and immunocompromized individuals8).
During the 1980s, the organism has been established as a food-borne pathogen, based on the occurrence of several large food-borne epi- On the other hand, subtyping of L. monocytogenes isolates is essential for studying the the incriminated foods in both sporadic and epidemic cases. By serotyping, the strains of serovar 4b have been found to be responsible for the majority of the reported food-borne outbreaks 8, 12) , and the predominant serovars of clinical L. monocytogenes isolates were 4b, 1/2b, and 1/2a 8, 12) . These serovars account for more than 90% of the sporadic cases 8, 12) . These epidemiological results suggest that there are differences in the pathogenic potential within L. monocytogenes serovars as well as species. However, it is not clear why these serovars are predominant in human listeriosis, because the precise virulence mechanisms and the ecology of this pathogen are not fully understood. Therefore, further investigations on both the virulence mechanisms and epidemiological characterization of Listeria species will be needed, and to elucidate human L. monocytogenes infection, the molecular subtyping techniques that can manipulate many isolates from various sources are crucial.
Several molecular techniques based on whole genomes (i.e. pulsed-field gel electrophoresis (PFGE)1,20), ribotyping20), multilocus enzyme electrophoresis (MEE)10,19)) have already been reported as high-resolution subtyping methods. However, these techniques have some demerits that they need specialized equipment and handling is time-consuming.
On the other hand, PCR2,6) and PCR-based typing techniques, PCR- RFLP 7, 9, 26, 30, 32) mixed with loading buffer, and was analyzed by electrophoresis by using 3% NuSieve GTG
The gels were then examined by transillumination and photographed as described above. The patterns were classified as different genotypes (each type was denoted by a different letter [see Table 2 and Fig.1] ).
Serotyping
Serotyping of several L. monocytogenes strains was performed with a commercial antiserum set (Denka Seiken Co., Ltd.). meri strains were digested with HindIII or Hhal. As shown in Table 2 and in panel A of Fig. 1 , with HindIII, 97 L. monocytogenes strains serotyped were divided into two distinct genotypes (designated as types I and II), and 43 L. innocua strains exhibited a type I. Two L. seeligeri and three L. welshimeri strains also exhibited a type I. On the other hand, in panel B of Fig. 1 , with Hhal, L. monocytogenes were divided into 5 genotypes (types A, B, C, D, and E). L. innocua exhibited a distinct type F, further, L. seeligeri and L. welshimeri strains exhibited a same type G, distinguishable from those of L. monocytogenes and L. innocua.
Results

Evaluation
By serovars, all of 30 serovar 4b strains tested exhibited only one genotype (type I, and type A). Twenty-one serovar 1/2b strains had two genotypes (type I, and types A or B). On the other hand, 30 serovar 1/2a strains had three genotypes (type II, and types C, D, or E) and 16 serovar 1/2c strains exhibited only one genotype (typell, and type C). In this study, we recognized that the modified genus-specific PCR method could amplify the main species of the genus Listeria from humans and foods, L. monocytogenes, L. innocua, L. seeligeri, and L. welshimeri, although L. grayi did not amplified. Further, both L. monocytogenes and L. innocua strains were also exactly identified by two species-specific PCR methods.
Listerial pathogenesis is a complex process involving a number of virulence factors expressed by virulence factor genes14-23). Several virulence factor genes of L. monocytogenes have been identified: hly (listeriolysin), picA (phosphatidylinositol-specific phospholipase C), mpl (metalloprotease), actA (protein involved in actin polymerization), plcB (lecithinase)23). These virulence genes are located in a gene cluster and are regulated by the positive regulator factor PrfA23). The iap gene encoding p60 is located in other chromosomal site of the gene cluster. The p60 primarily considered as a virulence factor protein involved in the invasion into nonphagocytic and phagocytic cells4, 11, 15, 17) , and it also acts as a hydrolase, which is essential for septum separation in a late step of cell division34). Recently, new aspects that the intact iap deletion mutant of L. monocytogenes has same level of invasion ability as that of wildtype strain, but has abnormal cell division and loss of actin-based motility were found22). Therefore, iap is proposed to rename cwhA (cell wall hydrolase A) and the gene products could influence on the expression of other virulence genes and consequently reduce the pathogen-icity22). 
